We examined the controversial relationship between obesity and depression among Chinese people aged 45 and over using data from the 2013 follow-up survey of the China Health and Retirement Longitudinal Study (CHARLS). Depressive symptoms were measured using the CES-D 10; overweight and obesity were defined using WHO, Asian and Chinese criteria. The proportion of depressive symptoms was 19.9% and 33.2% in men and women, respectively. Depressive symptoms decreased as BMI increased in both men and women (P < 0.05). Obese women were less likely to suffer from depressive symptoms than normal weight women according to WHO, Asian and Chinese criteria (P < 0.05). Obese men were less likely to suffer from depressive symptoms than normal weight men under the Chinese criteria (P < 0.05). The results indicate that there is an inverse association between obesity and depressive symptoms among Chinese men and women, supporting the "jolly fat" hypothesis in China, and suggest that individuals and medical providers should pay attention to underweight as well as obesity. In addition, our study illustrates the importance of establishing appropriate obesity cut-off points for individual countries.
Association between obesity and depression. As shown in Table 4 , both the crude and the adjusted odds ratios (ORs) for depressive symptoms decreased as BMI increased in both men and women (tests for trend: P < 0.05). After adjusting for age, residential area and other factors, underweight men were more likely to suffer from depressive symptoms than normal weight men according to the WHO, Asian and Chinese criteria (WHO criteria: OR = 1.496, 95% confidence interval (95% CI) = 1.126-1.988; Asian criteria: OR = 1.452, 95% CI = 1.087-1.939; Chinese criteria: OR = 1.465, 95% CI = 1.101-1.951). Obese men were less likely to suffer from depressive symptoms than normal weight men only when using the Chinese criteria (Chinese criteria: OR = 0.742, 95% CI = 0.567-0.971). Underweight women were also more likely to suffer from depressive symptoms than normal weight women according to all three criteria (WHO criteria: OR = 1.591, 95% CI = 1.201-2.107; Asian criteria: OR = 1.478, 95% CI = 1.109-1.971; Chinese criteria: OR = 1.567, 95% CI = 1.180-2.081). Obese women were less likely to suffer from depressive symptoms than normal weight women according to the WHO, Asian and Chinese criteria according to the WHO, Asian and Chinese criteria (WHO criteria: OR = 0.717, 95% CI = 0.561-0.917; Asian criteria: OR = 0.808, 95% CI = 0.682-0.957; Chinese criteria: OR = 0.734, 95% CI = 0.611-0.882).
Discussion
After adjusting for socio-demographic factors, health behaviour, chronic conditions and ADL/IADL status, we concluded that depressive symptoms decreased as BMI increased among the enrolled men and women. In the literature, some studies reported that obesity increased the risk of depression 3, 11, 12 , whereas other studies found no significant differences between obese and normal weight subjects 9, 13 . Conversely, some studies observed the opposite relationship between obesity and depression, which is consistent with our results. An inverse relationship was found between obesity and depressive symptoms among elderly Korean women. Kim et al. concluded that the risk for depressive symptoms was approximately 40.0% less in obese women than in normal weight or underweight women before and after adjusting for possible confounders 6 . A Japanese study found an inverse linear association between obesity and depression among women with chronic medical conditions, although the relationship was not found in men or apparently healthy women 7 . In addition, two studies with Chinese people demonstrated that both obese elderly men and women were less likely to suffer from depressive symptoms than men and women of normal weight 8, 14 . The inverse relationship between obesity and depression can be explained by the "jolly fat" hypothesis. The "jolly fat" hypothesis, first reported by Crisp and his colleagues, proposes that there is a significant positive relation between substantial obesity and low levels of depression in men 15 . Deprivation could explain this hypothesis. Losing weight through diet restriction could be an important factor in inducing depression; therefore, obese people may be happier because they may not be exposed to strict diets that could lead to depression 15 . The inverse relationship may also be the result of compensatory mechanism to depression. Leptin is a protein synthesised in the adipose tissue and it provides feedback about adiposity to the brain via hypothalamic receptors to reduces appetite and increases energy expenditure 16, 17 . Yang et al. found that compared with rats of obese group, rats exposed to animal model of both depression and obesity had the lower level of protein of leptin receptor 18 . Low levels of protein of leptin receptor could lead to an increase in weight in these depressive rats. In addition, Neuropeptide Y (NPY) may explain the association between increase in body weight and reduction in severity of depression. NPY is a 36-amino acid peptide that is widely distributed in the central nervous system and it increases appetite 19 . It has been demonstrated that NPY treatment increased swimming and decreased immobility in the forced swim test 20 . The forced swim test is an acute animal model widely used for the screening of potential antidepressant drugs 21 . It indicates that NPY has anti-depressant effects as well as increasing appetite. When considering Chinese people, the hypothesis may also be related to Chinese traditional culture. Chinese people have positive perceptions of obesity because becoming fat during middle age is perceived as acquiring good fortune in traditional Chinese culture; therefore, being fat could be a protective factor against depressive symptoms 14 . In this study, the proportion of overweight was highest when measured using the Chinese criteria, whereas the proportion of obesity was highest when measured using the Asian criteria. The trend that depressive symptoms decreased as BMI increased was statistically significant for all three criteria. However, whereas obese women were less likely to suffer from depressive symptoms than normal weight women regardless of the criteria used to define obesity, this difference was statistically significant for obese men only when using the Chinese criteria. When defining obesity using the Chinese criteria, we found that obese men had an OR for depressive symptoms that was approximately four-fifths of that exhibited by men of normal weight, but the adjusted OR was not statistically significantly lower for obese men than for normal weight men when using the WHO or Asian criteria. This difference in the results may indicate the importance of establishing appropriate obesity cut-off points for individual countries.
The proportion of women who exhibited depressive symptoms was 33.2%, which was higher than that of men (19.9%). As our participants were over 45 years of age, it may be that the women in the study were more prone to depression than the men because of hormonal fluctuations such as hormonal changes during menopause or undue sensitivity to hormonal fluctuations 22 . In addition, psychosocial events, victimization, sex-specific socialization, internalization coping style, and disadvantaged social status might also account for the increased probability of depression among women 22 . There were also several limitations to our study. First, the study was conducted at the cross-sectional level. We were unable to provide additional information on the direct association between obesity and depression, as we did not know whether obesity preceded depression or resulted from depression. Second, we could not identify the severity of depression. The results could also be biased, as an association between obesity and depression may be most likely among those who are more depressed. Last, our study did not report measure on central obesity, so it may fail to account for varying proportions of muscle, fat and bone. Ho et al. found an inverse relationship of obesity with depressive symptoms in Chinese elderly using BMI, but waist-hip and circumference measures of central obesity did not support the inverse relationship 8 . In conclusion, we found an inverse association between obesity and depressive symptoms in both Chinese men and women aged over 45, which supported the "jolly fat" hypothesis in China. The findings indicate that underweight may be related to depressive symptoms, which suggests that individuals and medical providers should pay attention to weight loss as well as to obesity. First, although intentional weight loss can be beneficial in reducing the risk of diseases such as coronary heart disease and diabetes 23, 24 , excessive weight loss should be avoided. Second, medical providers should consider mental changes as well as physical changes when rapid weight loss occurs. Moreover, we used three criteria to define obesity in this study. We found that obese men were less likely to suffer from depression only when obesity was defined using the Chinese criteria, which has a cut-off point between that of the WHO criteria and the Asian criteria, illustrating the importance of establishing appropriate obesity cut-off points for individual countries. However, further study is needed to better understand the mechanism of this association.
Materials and Methods

Data.
The data for this study were obtained from the 2013 follow-up survey of the China Health and Retirement Longitudinal Study (CHARLS) 25 , which is administered by the National School for Development (China Center for Economic Research), and the data are available at http://charls.pku.edu.cn/en. The CHARLS is a nationally representative sample of people aged 45 and over that includes a mix of urban and rural settings and a wide variety of levels of economic development. The national baseline survey for the study was conducted between June 2011 and March 2012 and involved 17,708 respondents. Ethical approval for the study was granted by the Ethical Review Committee of Peking University, and all the participants provided signed, informed consent at the time of participation. The study methodology was carried out in accordance with approved guidelines.
Samples of households with members 45 years of age or above were selected using multistage probability sampling within 28 provinces, and the samples were stratified by region and by urban district or rural county based on gross domestic product (GDP) per capita within the region. Collective dwellings, such as military bases, schools, dormitories or nursing homes, were excluded. The interviews took place in the respondents' homes using computer-assisted personal interviewing (CAPI) technology with interviewers who were trained at Peking University by CHARLS staff members, and physical examinations were also carried out by trained interviewers in the households. Follow-up is conducted with the respondents every 2 years via face-to-face interviews.
In this study, we used the 2013 follow-up data from the CHARLS, conducted between July 2013 and August 2013 and involved 18,605 respondents with new recruited respondents. We limited our sample to respondents who completed a physical examination and the CES-D 10. A total of 10,544 subjects were included.
Socio-demographic characteristics. The socio-demographic information included age, gender, education level, marital status, community type, and geographic location. Age was divided into 3 groups: 45 to 59, 60 to 74, and 75 or older. Education level was categorized as primary school or below and junior high school or above. Marital status was categorized as married/cohabitating and unmarried/divorced/separated/widowed according to whether the subject lived with a spouse. Community type was classified into urban and rural areas according to the community's industrial structure; urban areas are generally more developed. China is categorized into eastern, central and western regions based on economic development status and geographic location 26 . Eastern China represents the most developed region; central China is less developed, and western China is the least developed region 27 .
Obesity. As the percentage of body fat and the risk factors for cardiovascular diseases at a given BMI are generally higher among Asian peoples when compared with western populations, a universal body mass index (BMI) cut-off point of 30.0 kg/m 2 for obesity may underestimate the amount of overweight and obese population, and establishing appropriate cut-off points for individual countries is recommended 28, 29 . Thus, we used WHO, Asian and Chinese criteria to define obesity rather than only one criterion to avoid bias because of the cut-off points. Obesity was defined using BMI according to the following three criteria: (1) WHO criteria 30 : Participants were classified into four categories: underweight (less than 18. Depression. Depressive symptoms were measured using the CES-D 10 33 , which has been validated among elderly respondents in China Health behaviours. The participants were asked, "Have you ever chewed tobacco, smoked a pipe, smoked self-rolled cigarettes, or smoked cigarettes/cigars?", and the possible response options included (1) yes; (2) no; and (3) quit. For alcohol consumption, the participants were asked, "How often did you drink any alcoholic beverages, such as beer, wine, or liquor in the past year?", and the response options included (1) drink more than once a month; (2) drink less than once a month; and (3) do not drink.
Chronic diseases. The participants were asked, "Have you been diagnosed with following conditions by a doctor?" The conditions included (1) dyslipidemia (elevation of low-density lipoprotein, triglycerides, and total cholesterol or a low high-density lipoprotein level); (2) diabetes or high blood sugar; (3) cancer or malignant tumour (excluding minor skin cancers); (4) chronic lung diseases, such as chronic bronchitis or emphysema (excluding tumours or cancer); (5) liver disease (except fatty liver, tumours, or cancer); (6) heart attack, coronary heart disease, angina, congestive heart failure, or other heart problems; (7) stroke; (8) kidney disease (except for tumour or cancer); (9) stomach or other digestive diseases (except for tumour or cancer); (10) emotional, nervous, or psychiatric problems; (11) memory-related disease; (12) arthritis or rheumatism; and (13) asthma. The trained interviewers asked about each condition individually.
ADL/IADL. The participants were asked, "Because of health and memory problems, do you have any difficulties with one kind of everyday activity?" The everyday activities included taking a bath, eating, getting in and out of bed, and dressing, using the toilet, defecating, doing housework, cooking, making phone calls, taking medicine, shopping and managing finances. The response scale consisted of 4 options: (1) No, I do not have any difficulty; (2) I have difficulty but still can do it; (3) Yes, I have difficulty and need help; and (4) I cannot do it. ADL was assessed based on the respondents' ability to take a bath, eat, get in and out of bed, dress, use the toilet, and defecate according to the ADL scale 35 . IADL was assessed based on the participants' ability to do housework, cook, make phone calls, take medicine, shop and manage finances according to the Lawton functional scale 36 . In this study, the Cronbach's alpha coefficient of the ADL/IADL items was found to be 0.865. Two main circumstantial factors (ADL and IADL) explained the 58.1% of the variance. The individuals who completed all the activities without difficulty were classified as ADL or IADL independent, whereas those who reported difficulty on any item were classified as ADL or IADL disability.
Statistical analysis. The characteristics of the participants were expressed as mean± S.D. (standard deviation), frequency and percentage (categorical variables). The Chi-square test was used to compare the proportions of depressive symptoms exhibited by the men and women according to BMI. The association between obesity and depression was examined using multiple logistic regression analyses. Exhibiting depressive symptoms (1 = depressive symptoms, 0 = no depressive symptoms) was a dependent variable. BMI, categorized by the WHO, Asian and Chinese criteria, was used to assess obesity, and each categorized BMI was included as independent variable in a logistic regression. In addition, age, marital status, education level, community type, geographic location and chronic conditions were also included as independent variables in all the regressions. P values less than 0.05 were considered statistically significant. All the statistical analyses were performed using SPSS software, Version 19.0.
